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IIpakTHyeckoe 3ansitue Ne 1
PACUET OCHOBHBIX TAPAMETPOB I'A30BbIX CMECEM
B PASJIMYHBIX TEPMOANHAMMNYECKUX ITPOLHECCAX
1.1 ®opmyIUpOBKA 32]aHUS U UCXOIHbIE JAHHBIE VISl pacyera
Cwmech, cocTosiiasg u3 My KWIOMoJie a3ota u M, KUJI0MOoJIEH KUCI0poia C
HavaJlbHBIMU Mapamerpamul P1=IMIla v T;=1000 K pacmupsieTcst 10 TaBICHUS
P,. Pacuiripennie MOXXET OCYHIECTBIISTHCS 110 U30TEPME, ainadaTe U MOJUTPOIIE C
nokaszaresieM 7. OnpeaenuTs ra30ByI0 MOCTOSIHHYIO CMECH, €€ MacCy ¥ Ha4aJIbHBIM
00BeM, KOHEUHBIC TTapaMeTPhl CMeCH, PabOTy PaCIIUPEHUSI U TEIUIOTY, y4aCTBYIO-
Y10 B MPOIECcCe.
JlaTh CBOIHYIO TaOIUILy pe3yibTaTOB U €€ aHanu3. [lokazaTe mporecchl Ha
PV u TS nuarpammax.
Vkazanue: [lokazaTenb aqnadathl, a CJIEI0BATEIBLHO U TEIUIOEMKOCTH TIPU-

HATH IIOCTOSAHHBIMHA, HC 3aBUCAIIUMHU OT TCMIICPATYPBbI.
I/ICXOI[HBIC JaHHBIC K 3a1a4C

M1=0,3 kMonw,
M>=0,7 kMonw,
P,=0,43 Mlla;,
n=1,2.
1.2 Tloc.iexoBaTe ILHOCTH BHINOJHEHUS 3a1aAHUA

1. 'a3oBas moCcTOSTHHASA CMECH
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,UCM; g =r A :

Hi Hewm

d =r,=g;

Hom =D % =28-0,3+32-0,7 =30,8x2/kMon.

i=1

MaccoBag goid a3oTa:

28
-03-22 =027
In, 30,8
MaCCOBaH JOJIA KI/ICJIOPOI[ai
32
=0,7-—%2 =0,73;
Jo. 30,8

R., =296,9-0,27 +259,8-0,73 = 269,79 JIx/(xr-K)

2. Macca cMmecu:

Moy =M - 1ey, =(0,3+0,7)-30,8 = 30,8ke.

3. HavajpHbIH 00BEM CMECH:

Vey =Vey - Moy = 0,27-30,8 =831L°,

rIe
R.., - T 269,79-1000
Pem *Vem = Rem " Tew ——Vew = Cl\lg M — 1.10° =0,27M3/K2.
CM

4. KoHeuHsle mapamMeTpbl CMCCHU B 3aBUCUMOCTHU OT B4 TCPMOJNHAMHNYC-

CKOT'O Tpoliecca.
4.1. Uzotepmuueckuii nporecc (T=const).

Ry, 1.0,27
P, 043

P-v,=P,-v, >V, =0,63.1°%/xe.

T, =T, =1000K.



4.2. Annabatabiii iporiecce (6€3 moaBo/Ia M OTBOJIA TEIUIA).

C
= k = k == _p .
dg=0, pv" =const, ~v

C

p

MuC, ZﬂCpigi _32,245-0,73+30,42-0,27 103 Ko
Hcem Hewm 30,8 ke K

C,=C,-R, =076 Kic.
“ ke - K

[Tokazarens aquadaThl:

C, 103 2393-0,73+22106-0,27

= = = :1,36.
C, 076 30,8
K b %,36
ﬂ: Va — =V, =V ﬂ =0,27 - i =0,5M3/K2.
P, v, P, 0,43
K 1-K
Rvi T o MY ) L (v _T
Pz "V, Tz Vv, Vi Tz v, Tz ’

v 1-K 05 1-1,36
T, :Tl(_zl :1000.(_’ 7) = 801K :

4.3. [TonuTponHbIi IpoLEecC.

pV = const.

* Y,
V, =V, (%J :027-(&) :0,55M3/K2.

2

v, ) 055\
T, _Tl-(—Z) :1000-(—’ 7) — 869K :

4.5. I3MeHeHne BHYTPEHHENW SJHEPTUU CMECH:
AU, =C, '(Tz _Tl);
e wmsorepmuueckuii: AU, , =01.k. Tb=T1;

e ammabarubii: AU, , = 0,76-(801—1000) = —151,24 x/{orc/xz;



e nosmrpornsii: AU, =0,76-(869 —1000) = —99,56 x/fic/ k2.
4.6. I3meHeHne YHTAIbIINNA CMECH:
Ai,=C,-(T,-T,);
e wusorepmuueckuii: Al_, =0r1.k. T,=T7;
e aymaGarheii: Ai_, =1,03-(801—1000)= —204,97 x/foc/ke;
e momurponHsii: Al_, =1,03-(869 —1000) = —134,93x/foic/ k2.

4.7. I3MeHeHne SHTPOIIUU CMECH:

0,63 Lo
AS,, =R- In 2 =269,79-In——= =229 ;
® U30TEPMHUYECKUNA: D91 2 Vv, 0.27 o K

e anuabarubii: AS, , = 0T.K. TemIo He MOABOIUTCA U HE OTBOIUTCS;

T n—-k ., T
= AS, ., =C-In2=C,.——-In=2 =
¢ JIOJUTPOIIHBIN: 1-2 -I-1 v n— 1 -I-1
_ 0,76-1’2_1’36 In 869 0,09 K/ [oic
12-1 1000 ke K~

4.8. PaboTa pactimpeHus 1 TeIIoTa, y4acTBYIOIIas B Ipoliecce:

® HM30TEPMUYECKUIL:

L, =R-T-In Ll = 269,79-1000-In 1 — 227695 ,ﬂ.?fc;

P, 0,43 K2

G, =T (S, —S,)=1000- 229 = 229000 4

Ke

e aana0aTHBIN:

1 R
l, = k— (P Vi Pz'Vz):m'(Tl_Tz):
_ 29979 1000 —801) 149134 Z7¢
1,36 -1 K2
O, =0;
® T[IOJIMTPOIHBIN:

R 269,79 Lo
I, =—(T,-T,)== -(1000-869)=176713 ;
o= B0 -T) =227 (1000 - 809) b




G2

C .

v

n_

——(T,-T,)=0,76-

n-1

1,2-1,36

ITpoBepka I Kaskaoro mnpouecca.

-(869 —1000) =80

K/l

Ke

g=AQ+1I.
Ta0auua ucXoaHBIX JaHHBIX
Ne papuanra M, kMoJub M,, kMoJab p., MIla n
1 0,2 0,8 0,34 0,9
2 0,3 0,7 0,37 1,1
3 0,1 0,9 0,31 1,3
4 0,4 0,6 0,27 1,2
5 0,6 0,4 0,39 0,8
6 0,8 0,2 0,41 0,6
7 0,9 0,1 0,46 0,7
8 0,7 0,3 0,44 1,4
9 0,5 0,5 0,29 1,3
10 0,2 0,8 0,33 0,8
11 0,4 0,6 0,38 0,5
12 0,8 0,2 0,35 0,9
13 0,1 0,9 0,26 0,7
14 0,5 0,5 0,23 1,1
15 0,8 0,2 0,43 15
16 0,3 0,7 0,40 1,2
17 0,7 0,3 0,48 0,8
18 0,2 0,8 0,37 1,3
19 0,6 0,4 0,32 1,2
20 0,9 0,1 0,27 1,4
21 0,1 0,9 0,24 0,7
22 0,5 0,5 0,44 0,5
23 0,3 0,7 0,47 0,3
24 0,2 0,8 0,36 0,6
25 0,4 0,6 0,31 0,4
26 0,6 0,4 0,45 1,2
27 0,7 0,3 0,49 0,9
28 0,9 0,1 0,33 11
29 0,2 0,8 0,25 15
30 0,4 0,6 0,28 1,3
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IIpakTH4yeckoe 3ansitue Ne 2

PACYET NPOLHECCOB TEIUIOITPOBOJAHOCTH

2.1 ®opMyTMpPOBKA 3aaHKsI M UCXOAHbIE JaHHbIE ISl pacyera

boxoBas miockas cTeHKa TOMOYHOU KaMCphbI BBIITIOJIHECHA U3 YCTBIPCX CIIOCB.

[TepBbIit c0¥ W3 MIAMOTHOTO KUPIHUYA (TOMIIUHA CIIOS J1), BTOPOH - U3 OTHEYIIOP-

HOM M3OJISLUM TUATOMUT (TOJIIHMHA CJIOSA &), TPETUH - OCHOBHOM M30JISIIMOHHBIN

CJIOM - IUIAKOBBIC IUIUTHI (TOJIIMHA CIIOS O3), YETBEPTHIN - 3alllUTHAS IITyKa-

TypKa (TOJIIIMHA CIOS Of).

1. Onpenenuth TpeOyeMyI0 TOJIIHHY OCHOBHOTO CJOS HM30JSAIUH (53=7),

[P 3aIaHHOM TEMIIEpAaType Ha BHYTPEHHEN MOBEPXHOCTH CTEHKH 11, Ha

Hapy>KHOW MOBEPXHOCTU CTEHKU {5 M TEIJIOBOM MTOTOKE YEPE3 CTEHKY (.

2. Tloctpouts rpaduk U3MEHEHHS TEMIIEPATYPHI B 3TOM CJIOE€ H3OJISIIUH.

Tabmnma 1 — McxonHele JaHHbBIC

NeNe | Paszmepol cmenol, mm do, NepNo t, ts, oy
n/n o & Oy Bm/w? n/n C C Bm/m*

1 2 3 4 5 1 2 3 4
1 200 40 30 400 1 900 30 800
2 220 50 20 440 2 950 40 750
3 240 30 20 480 3 1000 50 850
4 180 60 30 520 4 850 30 700
5 260 30 10 560 5 800 40 870
6 280 20 10 380 6 920 50 680
7 300 20 10 420 7 980 30 650
8 250 40 20 360 8 820 40 780
9 150 60 30 460 9 880 50 830
0 320 20 10 340 0 940 40 770

10




Oomue wucxomubie nannbie: A;=0,81(1+0,0008t), 1,=0,13 Bm/(m- K),
A3=0,046(1+0,0048t), 1,=0,38 Bm/(m* K)

2.2 Tlocjiea0BaTeILHOCTHh BBINOJI-

HCHHA 3aJaHUA
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Pucynok 1 - Dckus

t -t ’
1~ %
o v qO =
OOKOBOW CTEHKH TOIIOYHOM R+R,+R,+R,
KaMephbl
OTKyza

Rsz%:th;f_(&"'Rz"'RJ

141 Tpe6yeMoe 3HAYCHUEC TOJIIMUHBI U30JBIHUOHHOTO CJIOS.

O; :ﬂs{th;ts_(Ri"' R, + R4)}

TCpMI/I‘ICCKOC COIIPOTHUBJICHUEC OTACIILHBIX CJIIOCB CTCHKHW TOIIKW PABHBI:

: RZ:i u R4:ﬁ
A, A

4
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Koadduimentsl TemmonpoBOAHOCTH 1-ro U 3-Tro c€J0A ONPENENsioT IO

CpEOHEN TEMIIEPATYPE B JAHHOM CJIO€ PABHOM:

t® =05(t, +t,) u tP =05(t, +1,)

Temneparypsl by, t3, v {; onpenensaoT U3 ypaBHEHUN:

2
( - (Ltl] 206 1

b, b, b’
t, =1, _QOR2’
t, =1 +q0R4’

rae - Ao u by - K03 duIMEeHTH B ypaBHEHUN MEPEMEHHOTO K03 duineHTa
TEILUTONTPOBOJAHOCTH 1-TO CIIOSI.
Hailinennoe 3HaueHHe TONIIUHBI CIIOS U3OJISIIIUN O3 OKPYTIIAIOT 10 Onuxkaii-
niero OosbIiero 3HaueHus1, kpatuoro 0,01 m.
4 oc“ ['paduix u3zmenenus remmepa-
Typbl B cioe u3onsuuu o3 (Puc. 2)

CTPOHUTCS IO YPAaBHCHUIO
J[Aj 2, , 1
b3 2‘30b3 b3 !

rjie X, TeKyllas KoopJuHaTa B

CJIOC OT

x=0 10 Xx=0%, M;

57 t,, mepeMeHHas TeMIieparypa
1,

B cioe, ot t,=13 no {,=t,;

Pucynox 2 — I'padux usmeHeHus: remneparypsbl



A3o ¥ b3 - K03 HULIMEHTHI B YpaBHEHUH MTEPEMEHHOTO KO3((dHUIIMEHTa Tell-
JIONPOBOTHOCTH U30JLILIHOHHOTO CHOSL: Ay = /130(1+ bgt)fp)
t3 - TeMIiepaTypa Ha HapY>KHOUM TTOBEPXHOCTH CJIOSI CO CTOPOHBI BXO/1a

MOTOKa Teria (g, °

IIpakTuyeckoe 3ansaTue Ne 3
PACUET NPOLECCOB KOHBEKTUBHOI'O TEIIJNIOOBMEHA

3.1 ®opmyaupoBKa 3aIaHNUSI U MCXOJAHbIE JaHHbIE JIJIsl pacyera

Tpy6onpoBoa ropsiueil BOBI MPOJIOKEH TOPU30HTAIBHO 11O OMOpaM Haj 1o-
BEPXHOCTHIO 3eMin. HapyXHbIN BO3/1yX ¢ TeMnepaTypou t; 1 CKOPOCThIO BETpa Wo
o0yBaeT TpyOOINpPOBOJ MO YIJIOM aTtaku . Temmeparypa ropsueid BOJbl B TPY-
oompoBoJe t;, CKOPOCTh TEUCHUS Wy.

1. Omnpenenuts yaenbHYIO IOTEPIO TEIIa OT HEU30JIMPOBAHHOIO TPyOO-
IPOBOJIa M CHIDKEHHME TEMIIepaTypbl ropsiueid BOAbl Ha JJIMHE TpyOompoBoia
1=1000 m.

2. Omnpenenutb TpeOyeMyrO TOJIIUHY OCHOBHOTO CJIOS U30JIAIUH (5="?)
IIPY HOPMATHUBHOM yIEIbHOW NOTEPE TEIIa (g U CHIXKEHUE TEMIIEPATyphl BOJIbI Ha
mHe TpyoonpoBoaa /000 m. N3onsuus 1ByXClIOHHas, OCHOBHOM CJIOW - MUHEpa-
JIOBaTHBIC TUIATHI, HAPYKHBIM 3alIUTHBIA CJIOM - acOolleMEeHTHas IITyKaTypKa,
TOJIIIUHON 0.

Tabmuma 2 — McxoaHble JaHHBIE

NeNe | Pazmepwl mpyo6wl, mm ty Wy NopNe t W2 o
n/n Oruap Oum C m/c n/n C m/c v Bm/m

1 2 3 4 5 1 2 3 4 5
1 133 6,5 158 1,2 1 -18 6 90 180
2 159 7 160 1,1 2 -20 7 80 160
3 194 7 154 1,0 3 -22 8 70 140
4 219 8 152 0,9 4 -24 9 60 200
5 273 8 150 1,3 5 -26 10 50 210
6 325 9 148 1,4 6 -28 11 40 190




7 377 9 146 1,5 7 -30 12 95 170
8 426 10 144 1,6 8 -32 14 65 150
9 529 12 142 1,3 9 -25 15 75 220
0 273 8 160 1,0 0 -35 5 85 140
Oo6mme wucxonuele nmannele: A;=0,06+0,00019t, 1,=0,3 Bm/(m°K),

0=20mm, Aep=42 Bm/(m°K).
3.2 Ilocsien0BaTeILHOCTH BBINIOJIHEHHS 32 JaHUS

HcxomHarie naHHEbIE:

d,= t,=

Om = W=

t= =

W= A=

Aem = 0=
W=

1 yacTh
VY ienbHBIN TEIUIOBOM MOTOK MOTEPh TEIJIOTHI Ha | MOTOHHBIA METP JJIMHBI

HEU30JUPOBAHHOTO TPYOOIIPOBOIa paBeH

_ t1 —t2 Bm
ql” Ral + Rﬂcm + RaZ ’ A/I
rac
d
Ral = 1 ! Rﬂpcm = 1 In( Hap)
ﬂdehal 27Zﬂ’cm d6H ’
1
R,=——mwud_=d_-20
a? 7ZdHapa2l// " 6H Hap cm

- TEpPMUYECKHE COMPOTUBIICHUS MPU TEILIONEPENAYE OT BOJBI K HAPYKHO-
MY BO3AYyXY Y€pe3 CTEHKY TPYOHI.

CHmwKeHHe TeMIepaTypbl ropsdyel BOIbl Ha JUIMHE TpyOomposoaa |, M,

ONpCACIIACTCA BEIPAXKCHHUCM!



d,, |
At (1) = 2t
(D c

1~1
2
G — W17Zd on_ p 1 K)]’/
rac 1 4 ! C - pacxona BOJLI B pr6OHpOBOI[e;
C]_ - TCIINIOECMKOCTDH BOJbI B TPY6OHp0BOI[€ IIpu €€ HayaJbHOU TEMIICPATypC

t=1t,, Jorc/ke ‘K

p1 — IUIOTHOCTB BOABI IIpU Temneparype t =1, Kr/m>

W, £,

Pucynox 3 - Dcku3 pacnoyioxkeHus: TpyOOIpoBOIa U TEMIOBOU U30JSAIIUN

Ha TpyOe



KoadduimenT temnoornaun oT BoAbl K BHYTPEHHEH MOBEPXHOCTU CTEHKH
TPYOBl ¢4 ONPEAEINAIOT 10 KPUTEPUATIbHOMY YPAaBHEHUIO JUIsl TYpOYJIEHTHOTO pe-
JKIMa TeUEHHs JKHIIKOCTH BHYTPH Tpy6b! (pu Re>10"):

Nu = 0,021Re"® Pr®*

W,
Nu _ad,, , Re _Wd,, T
TJe A v a -

kputepun noaooust Hyccenwra, PeitHonbaca u [Ipanaris, COOTBETCTBEHHO;
- A, v, @ - pusznueckue mapaMeTpsl BOJIbl, OIIPeeIsieMbIe TIPU €€ TeMIIepaType
t=t;

Cpennuii Ko3p(HUIHMEHT TEMJIO0TAAYH OT HAPYKHOM MOBEPXHOCTH TPYOBI K
BO3MyXy O, TpHU MOMEPEYHOM OOTEKaHWH TOJ YIJIOM aTaKd I/ OMPEIENSIIOT U3
KPHTEPHAIBHOTO ypaBHeHus (mpu Re=1-10°-2-10°):

Nu =0,25Re*® Pr®*
rae Re, Pr, NU - kpurepuu nojgo0us s Bo3yxa, 6epyrces 1o gpopmyiaMm ykazaH-
HBIM BBIIIE U OMPENEISIIOTCS 0 CKopocT Bozayxa W,, Temmeparype t, u Hapyx-
HOMY JUameTpy TpyOsr d,.
[Ipu oOtexkanuu TpyOBI MOJA YIJIOM aTakd / YYUTHIBAETCS TOMPABOYHBIN

ko3 uumenr g, : %, = A28,

. ... 90 80 70 .60 5O GEE.
B S o d 1 0,99 0,93 0,87 0,76 0,66
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2 4yacThb
VY 1enpHBIN TEMIOBOM NOTOK NOTEPH TEIUIOTH! HA | MOTOHHBIN METP JAJIMHBI
U30JIMPOBAHHOIO TPYOOIIPOBOAA (MHOTOCIONHON MIIMHAPUYECKOM

CTEHKH) PaBEH: Q. = t,—t,
“ R,+R, +R,+R,+R,

Acm

me R, =t in(%y
274, d;

- TCPMHUYICCKOC COIMPOTHUBIICHHUC 2-10 HapY>XHOI'O CJIOA NU30JIAINH,

Ru= . In( 9%
27, dmp

- TCPMHUYICCKOC COIIPOTUBJICHUC OCHOBHOI'O CJIOA U30JIALIUH,

1
md,a,

R ) - TCPMHUYICCKOC COIIPOTHUBJICHHUC Inpu TCIUIOOTAAUYC OT
a

Hapy>KHOTO CJO0sI U30JISIUAN K BO3YXY.
3uavenus R,, u R, npunumarorcs Takumu e, kak u B 1 yactu paGoThL.

[lepBoHayasibHO HEOOXOIMMO BbIOpATh MpPENBAPUTEIHLHOE 3HAUECHUE HApyXK-
HOTO JMaMeTpa TpyoornpoBoaa d; ¢ OCHOBHBIM CIIOEM TEIUIOU3OJISAIUH C ONpejie-
JSI€EMOM TOJIIMHOW O; M HAPY>KHBIM CJIOEM C 3a/IaHHOM TOJIIIUHOU 0, U3 CIEAYIO-

mero AuariazoHa:

1,5 dHap S dZS 2;5 dHap

ITocne aToro He0O6XOMMO TTPOU3BECTH pacueT 3HaueHUr R;; u R;,, mpuHsB
d1 = d2 - 262 .
Pacuer 3nauenus kodduieHTa TemIonPOBOJHOCTH OCHOBHOTO CJIOS

U30JIS 1Y IPOU3BECTU IIPU CPEIHEM 3HAYECHUU TEMIIEPATYPBI L, = 0,5(’[1 + t2)
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KoadduimeHT TEmmooTaaun o, pacCYUTHIBACTCS aHAJOTHYHO, KaK U MPHU
OTCYTCTBHH TEIUIOM3OJISIIIMKA, B KAyeCTBE OCHOBHOTO pa3Mepa MPHHUMAECTCS
HAPYXXHBIH JHaMETp U30JIMPOBAHHOTO TpybompoBoa ds.

[Tocne pacyera 3HaYCHMS TUIOTHOCTH TEIUIOBOTO IMOTOKA MOTEPH (o, MPOH3-
BOJUTCS MPOBEPKA COOTBETCTBHUS OJYUYCHHOTO 3HAYCHUS CIIEAYIOIEMY
JMarna3ony:

0,800 <020 <o -

B ciyyae BbIX0/1a pacCUMTAHHOTO 3HAYEHHMSI 3a TPEJIEIbl JAHHOTO JAUana3oHa
HEOOXOIMMO U3MEHHUTH MPeABApPUTEIbHOE 3HaUcHHE U, (HE OrpaHHYNBAsACH MPEI-
JI0’KEHHBIM JHAMa30HOM 3HAYEHHUH ), IOCTIE Yero MOBTOPUTh 3aHOBO PacyeT BCexX
3Ha4YeHUH. JlaHHBII pacyeT HeOOXOMMO MPOBOAMTD 0 MOTYYCHUS HCKOMOTO pe-
3yJIbTaTa, T.€ COOTBETCTBUS 3HAUYCHUH (o, YKa3aHHOMY JAHAIa30Hy.

JInist o0JierdeHus BCeX pacueToB PEKOMEHIYETCS BOCIIOIb30BAThCS
nporpammoit Microsoft Excell.

OxoHYaTEIbHOE 3HAYEHUE TOJIIIMHBI CJI0sS OCHOBHOM TEIJION30JISAIINN

OIpeIeNUTh U3 BeipakeHus: 6; =0,5(d; — dy)

IIpakTnueckoe 3ansaTue Ne 4
PACYET TEINVIOOBMEHA U3JTYYEHUEM.

4.1 ®opmyaMpoBKAa 32/IaHUS M NCXO/HbIE JaHHbIE 1JIsl pacyera

Hapy>xHast yacTh O0KOBOM CTEHKHM TOTIOYHOM KaMephbl U3 KPACHOTO KUPIHYa
3aKpbITa OOMIMBKOW M3 CTAJIBHOIO JIUCTA € 3a30poM 30 MM, YTO MO3BOJISAT CUUTAThH
3TH MOBEPXHOCTH IJIOCKO-MApaIeIbHBIMU U MPEeHEeOpeYb KOHBEKTUBHBIM TEILIO-
0OMEHOM MeXITy HUMHU. TeMmmepaTypbl KUPIIUYHONU CTEHKHU t;, CTENIEHb YEPHOTHI &;.
TeMmneparypa cTaabHON OOIIUBKHU 1p, CTETIEHb YEPHOTHI &.

1. OnpenenuTts yneabHBIA TEIJIOBOM MOTOK B OKPYKAIOIIYIO CPEIy 3a CUET
JYYUCTOrO TEII000MEHa MEXAY dTUMH MOBEPXHOCTSIMH, a TaKKe 3HaAueHHe coO-

CTBEHHOTO, 3(()eKTUBHOTO U OTPAKEHHOTO U3TYyUEHHUS OT 00EUX MOBEPXHOCTEM.

10
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2. OHpeI[eJ'H/ITB N3MCHCHHNC YKA3aHHBIX BCIIMYMWH, CCJIIM MCIKAY YKa3aHHBIMU

MOBCPXHOCTAMU PASMCCTUTL S3KPAH M3 aJIOMUHUCBOI'O JIMCTA CO CTCIICHBIO YCPHO-

TBI &,.

Taomuna 3 — cxoquele JaHHBIE

NoNe t; MNoNe t

n/n C “ © n/n C ”
1 2 3 4 1 2 3
1 110 0,88 0,11 1 36 0,70
2 120 0,82 0,12 2 32 0,72
3 130 0,84 0,13 3 34 0,74
4 140 0,86 0,14 4 36 0,76
5 150 0,90 0,15 5 38 0,78
6 115 0,92 0,16 6 40 0,80
7 125 0,91 0,17 7 42 0,73
8 135 0,89 0,18 8 44 0,75
9 145 0,87 0,19 9 46 0,77
0 155 0,85 0,15 0 48 0,79

4.2 TTocaenoBaTeILHOCTH BBINOJTHEHHS 3a1aHUA

&

)

AANNN SRR NN NN NN ANNY
N

O O3 nm

HUcxonupie naHHbIC

t2:

&=

11
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Pe3ynbpTupyrommii TeMa0BOK MOTOK MPU TEIIOOOMEHE H3IIyUYE€HUEM MEXIY

JIBYMs IApAJUIEIbHBIMA IIOBEPXHOCTSAMMU OINPEIEIAETCS U3 YPABHEHUS

T 4 T 4
= E = C 1 — 2 ,
P pL = Enprz0 (100) (100) Boif

Pucynox 4 - Dcku3 pazpe3a 00KOBOM CTEHKH TOTIOYHOM

KaMephl C OOIIMBKON U SKpaHOM

rae 11=t,+273, To,=1,+273 - aGCoNOTHBIC TEMIIEPATYPhI MIEPBON U BTOPOU
MMOBEPXHOCTH, K;
Co=5,67- k03P GUIIUEHT TYyIEUCITYCKAHUS TS

2
abcomoTHO yepHoro Tena, Br/(m” K);

npl2 + _1 > IPUBE/CHHAS CTCIICHb YEPHOTHI CHCTEMBI l-oi n
& &5

g

2-01i TIOBEPXHOCTEH.
CoOCTBEHHOE M3TyYEHUE KaXJA0W MOBEPXHOCTH, UX 3(PPEeKTUBHOE U OTpa-
YKEHHOE U3JIyYEHUE ONPEICIAIOT U3 YPaBHEHUN

T ) E..+(1-¢)E
E =eC 1 , E — _—co0l 1) —c062
ot = 1 {;od) P 1-(1-g)1-&,)

T, E..,+(1-¢)E
E — C 2 , E — _—co062 2 co6l
co62 = &2 0(100) 22 1-(-g)1-s,)
Epn=0-&)E,, E,.,=(1-¢)E,

ompl — 22! omp2

[Ipn HanmuuuKM MEXy MOBEPXHOCTAMHU OJHOIO IIJIOCKOTO 3KpaHa pe3yJbTH-

PYIOIIMI TEIIOBOM MOTOK Oy/IeT paBeH

4 4

> g =g, =t Ew2 o (Lj —(T—Zj

q12 qla q92 gnpl +‘9np2 0 100 100
1

&

roe Pt }/ i }/ _1 , IPMBE/IEHHAs CTENEHb YEPHOTHI CUCTEMBI 1-ast
& &
1 9

12
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MIOBEPXHOCTB - 3KPaH;

E =
np2 + __1, MNpUBCACHHAA CTCIICHb YCPHOTHI CUCTCMBI 3KpaH 'Z'aﬁ
6; 82

IOBCPXHOCTD.

13
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MWHHUCTEPCTBO HAYKH 1 BBICHIETO OBPA3OBAHUS POCCUMCKOM ®EJNEPAIIAA
®enepajbHOe rocyJapcTBeHHOE AaBTOHOMHOE 00pa3oBaTebHOe YUpeskIeHHe
BbICIIEr0 00pa3oBaHus
«CEBEPO-KABKA3CKHWI ®EJEPAJIbHBII YHUBEPCUTET»

METOJUYECKHUE YKA3AHUSA
M0 OPraHN3alMH U NPOBEICHUI0
CaMOCTOATEJIbHOMH padoThI

TepMozmHaMmca H TCIIJIOTCXHUKA

JUIsL CTyAeHTOB HampasieHus nmoAarotorku 21.03.01 Hedrerasoroe neno
HarpaBJIeHHOCTh (Mpoduiib) «CoopyKEeHHE U PEMOHT 00OBEKTOB CUCTEM
TPyOOIIPOBOIHOTO TPAHCIIOPTA»

Craspomnosb 2026
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MeTomuieckue pPeKOMEHIAIMN TpeIHa3HadeHbl Uil CTyIeHTOB By3a «CeBepo-KaBkaszckuii ¢emepanbHBIN
YHHUBEPCHUTET
Lenn MeToaMYECKUX PEKOMEHAALINI:
1. MeTtoandeckoe COMPOBOXKICHHE IpOIlecca BBEICHHUS M peann3anu TpeboBaHmit dexeparbHOrO
TOCYAapCTBEHHOT'O 00pa30BaTeNbHOTrO cTaHaapTa Beicuiero obpaszoBanus (nanee ®I'OC BO), momos npu paspa-
00TKe pabouMx Y4eOHBIX MPOrpaMM JIUCIHUIUIMH U MPO(ecCHOHATBHBIX MOAYJICH 00pa30BaTelIbHOI MPOrpaMMbI

(manee OIT).

2. Co3ganne B 00pa3oBaTeNbEHOM YUPEXKICHHH YIeOHO-METOAWYECKOTo olecredeHus obpa3oBa-

TCJIBHOT'O ITpouecca.

Metoandeckue PEeKOMEHAAUU ONPCACIAIOT CYIIHOCTH CaMOCTOSTENIBHOM pa6OTLI CTYACHTOB B BY3C, eé

Ha3HA4YCHHUEC, IJIAaHUPOBAHUC, (bOpMI)I OpraHusanvu U BUJAbl KOHTPOJIA.

16
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Conep:xxanue

1. HopmaTuBHoe o0ecnieueHne camocTosTebH0ii padoTsl B PI'OC BO.

2. HazHaueHHe U BH/BI CAMOCTOSITEJILHON PadoThI CTYI€HTOB.

3. KOHTpOJIL CaMOCTOATEIbLHOM paﬁOTLI CTYACHTOB MNpenoaaBaTejasiMu.

17
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1. HopmaTtuBHOE obecriedenne caMmocTosTesbHoi padotel B PI'OC BO

1.1. ®I'OC pasnen: «TpedoBanus k ycmopusM peaiuzanuu OIl»:

— TpeboBanus kK 00s3aTEIIPHOMY MHHUMYMY COJIEpXKaHUs 00pa30BaTEIIbHONW TIPOTPAMMBI
MMOATOTOBKH CIICHUATINUCTA, K YCJIOBHUAM €C pCaiM3alluid U CpOKaM €€ OCBOCHHA OIPCACIAIOTCA
HaCTOAIIIUM (bez[epaanLIM ToCyJapCTBCHHBIM 06p330BaTeJ'IBHBIM CTaHIapTOM;

— OCHOBHaAd O6pa3OBaTeHBHa$I mnporpamMma noAroToBKU CrieuruaJIvMCTa COCTOUT U3 JUCIIU-
IIJINH 06meHaquoro n HpO(beCCI/IOHaJ'IBHOFO OUKJIOB, COCTOAIIMNX M3 0a3oBol U BapI/IaTI/IBHOﬁ
YyacTel U TUCHUIUINH 110 BBIOOPY;

— MaKCHUMAaIlbHBI 00beM y4eOHO! HAarpy3Kd CTYICHTa yCTaHaBIMBAaeTCsA 54 daca B HEIENI0, BKIIIOYas BCe
BHU[IbI ayJIUTOPHOI U BHEAYAUTOPHOM (CaMOCTOSITEIbHON) y4eOHOH paboTHI.

Bo Bpemst caMOCTOSATEIBHOM MOATOTOBKH 00YYarOLIMecs ODKHBI ObITh 00ECIeUeHbl 10CTYIIOM K ceTH W H-
TepHeT. Peanusaiis 06pa3oBaTeIbHOI MPOrpaMMbl MOATOTOBKH CIICHHATIHMCTA JOMKHA 00eCeYnBaThCS AOCTYIIOM
KQXXIOr0 CTYJICHTa K OUOIHOTeUHbIM GOHIaM U 6a3aM AaHHBIX, HOPMUPYEMBIM IO MOJTHOMY HEPEUHIO AUCHHUILIIHH
o0pa3oBaTeNpHON MPOrpaMMBI U3 pacdera 00ECIeYeHHOCTH YYeOHWKaMH W Y4eOHBIMHU mocobusmu He meHee 0,5
9K3eMIULsIpa Ha OJHOrO cTyAeHTa. bubinoreka By3a JOJKHA MMETh JOCTATOYHOE KOJMYECTBO COBPEMCHHBIX y4eo-
HHMKOB M y4eOHBIX ITOCOOHIT 110 BceM LMKJIAM JHCIUIUIMH ¥ IIOCTOSIHHO BOCIIOJHATHCS HAYYHOU JINTEPATypOH U Ie-
PHOAMYECKIMH U3TAHUAMHI HEe()TETa30BOT0 IPOQHILL

OO0BbeM BpeMEeHH, OTBEICHHBIH Ha BHEAYJUTOPHYIO CAMOCTOSTEILHYIO PabOTy, HAXOAUT OTPayKCHHE:

o B paboyeM y4eOHOM IUIaHE — B LEJIOM II0 TEOPETHYECKOMY OOYUCHHUIO, KaXKIOMY M3 LIUKJIOB JHC-
LIUIIUH;

o B paboyux MporpaMmax y4eOHBIX AMCIMIUIMH LUKIOB JUCUMIUIMH C paclpeieseHueM 1o pasze-
JlaM WJIM KOHKPETHBIM TEMaM.

2. Ha3nauenue u BUbI CaMOCTOSITCILHOM pa6OTI>I CTYACHTOB.

CamocTosTenbHas paboTa MPOBOJUTCS C LETBIO:

o CHCTEMATH3allMU U 3aKPEIUICHUS ITOJYYSHHBIX TEOPETUUSCKHUX 3HAHHI M MPAKTUYECKUX YMEHHI
CTY/ICHTOB;

. yriryOeHus ¥ paclInpeHus TEOPETUIECKUX 3HAHUIM;

. (hopMHpOBaHUS YMEHUH UCIIOJIb30BAaTh HOPMATHBHYIO, IPABOBYIO, CIPABOYHYIO JOKYMEHTAIHIO
U CIICLMANIBHYIO JTUTEPATypY;

. pa3BUTHSI [TO3HABATENBHBIX CIIOCOOHOCTEH U aKTUBHOCTU CTYJCHTOB: TBOPYECKOW MHMIMATHBEI,
CaMOCTOSITENIBHOCTH, OTBETCTBEHHOCTH, OPIraHH30BaHHOCTH;

o (opMHUpOBaHNE CaMOCTOSTEILHOCTH MBILUICHUS, CIIOCOOHOCTEH K CaMOpa3BUTHIO, COBEPILICH-
CTBOBAHHMIO M CAMOOPTaHHU3AIINH;

. (hopMupoBaHUs paKTHUECKUX (00IEYyIeOHBIX U POPECCHOHATPHBIX) YMCHAN 1 HABBIKOB;

o Pa3BUTHIO UCCIIEIOBATEIECKIX YMEHHUH.

B yuedHOM mporiecce OV BBIOCIAIOTCS [BA BHIA CAMOCTOSTEIBHOMN pabOTHI:

PN

AyanTOpHaA No AMCUMNANHE, BHeayauTopHas no aucumnavHe,
MEKANCLMNIMHAPHOMY Kypcy MEKANCLMNIMHAPHOMY Kypcy
1
BbINOMHAETCA Ha Y4eBHbIX 3aHATUAX, BbINO/THAETCA MO 334aHMIO
noA HeNnocpeACTBEHHLIM npenogasarens, Ho 6e3 ero
PYKOBOACTBOM Mpenoaasatens v no HenocpeACTBEHHOTO yyacTHA.

€ro 3afaHunio

BHGayﬂI/ITOpHaH CaMOCTOATCIIbHAA pa60Ta - IUIaHupyemas yqe6Haﬂ, y‘l€6HO'I/ICCJ'IC,HOBaT€J'H)CKaH, Hay4YHO-
HCCJIEA0BATCIIbCKAA pa60Ta CTYJACHTOB, BBIINOJHACMAsA BO BHCAYAUTOPHOC BPEMS 10 3aJaHUIO U IPU METOANYCCKOM
PYKOBOJACTBE IpeniogaBaTeiid, HO 0e3 ero HEMNOCPCACTBCHHOI'O Y4acTHUs.

18
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3. KoHTponb camocTosTeIbHOM pabOThI CTYICHTOB MPENOaBaTEIISIMH.

KoHTpoub caMOCTOATENILHON paboThI CTYJCHTOB IPEyCMATPUBACT:

. COOTHECEHHE COJCPIKaHM KOHTPOJIS C LeNIMU 00y4eHHUS;

. OOBEKTUBHOCTH KOHTPOJIS;

. BaJIMJHOCTh KOHTPOJIS (COOTBETCTBUE MPEIBSBISACMBIX 3aJaHUH TOMY, YTO IpEAIoJIaraeTcs mpo-
BEPHTH);

. I hepeHINanNo0 KOHTPOJIbHO-U3MEPUTEIBHBIX MaTEPHAIIOB.

DopMBI KOHTPOJISI CAMOCTOSAITEIBHOI PadoTHI
[TpocMoTp U MpoBepKa BHIITOIHEHHS CAMOCTOSATENILHOM PabOThI MPErnoiaBaTeieM.
CamomnpoBepka, B3auMOIPOBEPKa BHIIOJIHEHHOTO 331aHUs B TPYIIIIE.
OOcyxeHue pe3ysIbTaToOB BHIOJIHEHHOW paOOThI Ha 3aHITHH.
TectupoBaHue.
[IuceMeHHBIH onpoc.
VYeTHbIN onpoc.
WunuBuayansHOe coOeceoBaHuE.
Komnoksuym.
OTuet o mpoaenanHoii padore.
3amura pehepaToB UM KypCOBOIl pabOTHI.
TBopueckuil KOHKypC.
HuTepHeT - KoHpEepEHITHH.
KoHnTponbnas pabora.

HBoOoo~Noog~wNE

el
Wbk o

Kpurtepnu onieHKH pe3y/1bTaTOB CAMOCTOSATELHOI padoThl
KpurepusiMu o1ieHOK pe3yJIbTaTOB BHEAYIUTOPHOI CaMOCTOSITEIIFHOM paOOThI CTYACHTA SBISIOTCS:

) YPOBEHBb OCBOCHHS CTYICHTOB y4eGHOT0 MaTepHUaa,;

) YMEHHSI CTYICHTA UCIIOIB30BaTh TEOPETHIECKNAC 3HAHMS [PH BBIMOIHEHUH PAKTHYCCKUX 3a/1a4;

) ¢bopmupoBanre Habopa U3 OOLIEKYIBTYPHBIX U MPOMECCHOHAIBHBIX KOMIETCHIUN OymyIiero
CIICLIHAITICTA,;

o YMEHHUS CTY/ICHTA aKTHBHO HCIIOJb30BATh JJNEKTPOHHBIC 0Opa30BaTENlbHBIC PECypPChl, HAXOIHUTh
TpeOyroLIyocs HHPOPMAIIMIO, U3y4aTh €€ U IPUMEHITh Ha PAKTHKE;

o 000CHOBAaHHOCTh M YETKOCTH HU3JI0KEHHS OTBETA;

o othopmMIiIeHHEe MaTepHraia B COOTBETCTBHH C TPEOOBAHUAMU;

o YMEHHE OPUEHTHPOBATHCS B OTOKE HH(POPMAIIUH, BBIJICIATH TJIABHOC;

o YMEHHE 4EeTKO CHOPMYIHpPOBATH TPOOIEMYy, MPEATIOKHUB €¢ pelleHre, KPUTHIECKH OIEHHUTh pe-
IICHHE U €T0 ITOCICICTBUSL,

) YMEHHE [0Ka3aTh, IPOaHAIN3UPOBATh aJIbTEPHATHBHBIC BO3MOXKHOCTH, BAPUAHTHI ICHCTBHIL;

) yMeHHe c(OPMHUPOBATH CBOIO MIO3HIIHIO, OLIEHKY M apryMEHTHPOBAThH €e.

Coaep:xkanue BHeayIMTOPHOH CaAMOCTOSATEIbLHOM
AesITeJIbHOCTH CTYAeHTOB
MeTOI[I/I‘IeCKI/Ie YKasaHud IJid CTYJACHTOB I10 BBIITOJTHCHUIO CaMOCTOSATEILHOM pa6OTI)IZ
1. IToaroToBKa K JIEKLIUSAM
2. IloaroToBKa K MpaKTHUECKUM 3aHATUSIM
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